Abstract-In recent years, demand for quartz crystal resonators continues to grow for the mobile phone market. To meet the stringent long-term frequency stability requirement, crystal makers usually use Au as the electrode baseplating material. Using layered electrodes with different metallic materials was reported in the past for different reasons. In this paper we report our own study of using a sputtered Cr/Ag/Au layered structure for the electrodes of AT-cut quartz crystal resonators with the sole intention of reducing the usage of Au for cost reason. We studied the physical parameter, electrical sheet resistance, of the layers along with thermal processes.
INTRODUCTION
In recent years, demand for quartz crystal resonators continues to grow for the mobile phone market. From 2003 to 2006(forecast), the mobile phone sales quantity grow from about 500 million units to over 900 million units, average annual growth rate is over 20% [1] . However, the pressure for price down increases very fast because lowprice markets dominate the requirements, and gives high pressure on quartz crystal suppliers.
To meet the stringent long-term frequency stability requirement, crystal makers usually use Au as the electrode baseplating material. Using layered electrodes with different metallic materials was reported in the past for different reasons, including to improve the power durability of SAW filters [2] [3] [4] , to improve the performance of FBARs [5] , and materials characterization by using resonators [6] . In this paper we report our own study of using a sputtered Cr/Ag/Au layered structure for the electrodes of AT-cut quartz crystal resonators with the sole intention of reducing the usage of Au for cost reason. We studied the physical parameter, electrical sheet resistance, of the layers along with thermal processes. The electrical characteristics of finished crystal resonators were compared with those made with the Cr/Au baseplated electrodes and the reliability performance of the crystals with new electrodes also be examined.
II. EXPERIMENTS SETUP To evaluate the characteristics, electrical performance and reliability of the Cr/Ag/Au layered electrode, we setup 2 kinds of experiments, the first one is through crystal resonators, 5.0mm x 3.2mm size 26MHz quartz crystal resonators as specs for mobile phone applications, and examine the reliability and electrical performance. The second experiment is through a 4" silicon wafer with the coated layered electrodes for characteristics evaluation, in the paper, we checked about the electrical sheet resistance. Both the crystal resonators and 4" silicon wafer past through same sputtering process and thermal processes, including curing, vacuum annealing, baking and reflow, their setup conditions are shown in table I. The electrode layer structure from the base material (AT-cut quartz) is Cr 10nm, Ag 300 nm, and Au 150nm.
The sheet resistance of the layered electrode was measured by 4-points probe (Resmap, IDE) through on wafer scanning probing, total 151 points data. The measurement did along with after as-deposited, and each thermal process as shown in table I.
To compare the electrical performance with usual Cr/Au electrode crystals, 4500pcs 26MHz 5.0 x 3.2 mm crystal resonators were made by using the same blank, ceramic packages and assembly processes by using Cr/Ag/Au layered electrode.
The reliability, especially the aging performance, is important for mobile applications. In this paper, we conducted 3 kinds of thermal conditions to evaluate the reliability performance including reflow, thermal shock, and high temperature and high humidity test.
III. EXPERIMENT RESULTS

Electrical Sheet Resistance
The wafer coated with Cr/Ag/Au layered electrode showed mirror-like surface after all thermal processed, and the sheet resistance along with the processes is shown as figure 1 . The results showed the similar behavior to Cr/Au layered electrode as shown in figure 2 . Both Cr/Ag/Au and Cr/Au layered electrodes showed sheet resistance increased after 295 o C vacuum annealing, we think this is because diffusion of Cr atoms into Au layer as described in [7] , the Cr diffuse into Au when the annealing temperature over 270 o C, because the thermal process temperature after annealing is lower than 270 o C and annealing temperature, so we can see the sheet resistance average value become stable after annealing process. 
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Reliability Performance
Reflow Test
The reflow test result is shown in figure 5 , the frequency and equivalent series resistance shift between before and after reflow test is lower than 1ppm and 1Ohm, which meet the requirement of mobile phone applications. The results for high temperature and humidity test(test condition: temperature 85 o C and relative humidity 85%, test time 336) are shown in figure 7, all the samples show the frequency and ESR shift are within 1ppm and 1Ohm.
. IV. CONCLUSION Preliminary results show that AT-cut quartz crystal resonators with electrodes based on the Cr/Ag/Au layered structure meet the long-term frequency stability requirement for mobile phone application.
The electrical characteristics are compatible to the Cr/Au baseplated crystal resonators. The physical characteristics, electrical sheet resistance, study shows that the Cr/Ag/Au layered structure is stable under related thermal process environments.
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